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or for damages resulting from the use of any infor- 
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this report. 
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any employee or contractor of NASA, or employee of such can- 
tractor, to the extent that such employee or contractor of NASA, 
or employee of such contractor prepares, disseminates, or 
provides access to, any information pursuant to his employment 
or contract with NASA, or his employment with such contractor. 
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Natianal Aeronautics and Space Administration 
Office of Scientific and Technical Information 

Washington 25, D.C. 
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FOREWORD 

The work descr ibed herein is being performed by t h e  General 
Electr ic  Company under t h e  sponsorship of t h e  National Aeronautics 
and Space Adminis t ra t ion under Contract NAS 3-2534. Its purpose, 
a s  o u t l i n e d  i n  t h e  c o n t r a c t ,  is t o  eva lua te  materials s u i t a b l e  f o r  
potassium l u b r i c a t e d  j o u r n a l  bearing and s h a f t  combinations f o r  
use i n  space system turbogenerators and, u l t i m a t e l y ,  t o  recommend 
those m a t e r i a l s  most appropriate  f o r  such employment. 

R. G. Frank, Manager, Physical Metallurgy, Materials and 
Processes,  is adminis ter ing the program f o r  t h e  General Electr ic  
Company. L. B. Engel, Jr., D. N. Miketta,  T. F. Lyon, W. H. 
Hendrixson and B. L. Moor a re  d i r e c t i n g  t h e  program i n v e s t i g a t i o n s .  
The design f o r  t h e  f r i c t i o n  and wear testers w a s  executed by 
H. H. Ernst  and B. L. Moor. 

R. L. Davies of t h e  National Aeronautics and Space Adminis t ra t ion 
i s  t h e  t e c h n i c a l  manager f o r  t h i s  study. 

iii 



CONTENTS 

Section Page 

I 

I1 

INTRODUCTION . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . . . . .  SUMMARY. 5 

111 MATERIALS PROCUREMENT. . . . . . . . . . . . . . .  7 
IV TEST FACILITIES. . . . . . . . . . . . . . . . . .  11 

HotHardness.... 11 

Friction and Wear in Liquid Potassium . . . .  15 

. . . . . . . . . . . . . . . .  11 
15 

Cb-1Zr Alloy/BN Compatibility Test . . 18 
23 Friction and Wear in High Vacuum. 
27 Materials Bonding Tests 
27 Screw Bonding Test 

Bearing and Compression Bonding Tests. . 27 
Wetting. . . . . . . . . . . . . . . . . . . . . .  31 

Thermal Expansion. 

Friction and Wear. 
. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

. . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  

V TESTPROGRAM. . . . . . . . . . . . . . . . . . .  33 
Potassium Purification . . . . . . . . . . . . . .  33 
Corrosion................. . . . .  33 
Dimensional Stability. . . . . . . . . . . . . . .  34 

TestRunNo.1. . . . . . . . . . . . . . . .  34 
Specimen Evaluation Run No. 1 . . . . . . . .  39 
Test Run No. 2. . . . . . . . . . . . . . . .  45 

Thermal Expansion. . . . . . . . . . . . . . . . .  47 
VI FUTURE PLANS . . . . . . . . . . . . .  . . .  . . .  63 

REFERENCES . . . . . . . . . . . . . . . . . . . .  65 

V 



I 
I 
I 
1 
1 
I 
I 
I 
i 
I 
I 
I 
1 
1 
1 
I 
I 
I 
I 

ILLUSTRATIONS 

Figure Page 

1 Bimeta l l ic  J o i n t  Design f o r  Cb-1Zr Alloy and Type 304 SS Pipe.  . . .  16 

2 Flange Design wi th  Thermocouple Well t o  be Used t o  Measure Tempera- 
t u r e  of Potassium Flowing Over the  Surface of t h e  D i s c  Specimen 
i n  t h e  F r i c t i o n  and Wear Tester .  . . . . . . . . . . . . . . . . . .  19 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14  

15  

Power Feedthrough F i t t i n g  f o r  Potassium Conductive Immersion 
Heater. The Primary Vacuum Seal  t o  t h e  System is  Made by Means 
of a Conflat  Flange Welded t o  t h e  Conduit Tube . . . . . . . . . . .  20 

Elec t r ica l  Terminal f o r  Power Leads t o  Potassium Conductive 
Immersion Heater . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

Main Shaft  Bearing Assembly. . . . . . . . . . . . . . . . . . . . .  22 

Microstructure  of Cb-1Zr Alloy Surface i n  Contact w i th  BN f o r  100 
Hours a t  1800°F i n  a Vacuum of 5 x loe6 Torr . . . . . . . . . . . .  25 

Microhardness Traverses of Cb-1Zr Alloy Specimens A f t e r  Cb-1Zr 
Alloy/BN Compatibi l i ty  T e s t s  a t  1800°F i n  Vacuum . . . . . . . . . .  26 

Screw Bonding T e s t  Assemblies Tested i n  a Vacuum of 1 x Torr 
f o r  Two Hours a t  1600OF: (Left)  Mo-TZM Alloy Screw i n  Cb-1Zr Alloy 
Block and (Right) M-252 Alloy Screw i n  Mo-TZM Alloy Block . . . . .  28 

Pressure  Curve f o r  Second 1,000-Hour Isothermal Capsule Corrosion 
T e s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7  

Pressure  Curve f o r  Dimensional S t a b i l i t y  T e s t  No. 1. . . . . . . . .  38 

Average Temperature f o r  Dimensional S t a b i l i t y  Test No. 1, 1200°F . . 40 

Average Temperature f o r  Dimensional S t a b i l i t y  Test  No. 1, 1600°F . . 41 

Mean Coef f i c i en t  of Thermal Expansion of Pyros 56 Standard as a 
Function of Temperature. . . . . . . . . . . . . . . . . . . . . . .  58 

Mean Coef f i c i en t  of Thermal Expansion of Mo-TZM Alloy (S t r e s s  
Relieved 1/4 Hour a t  220O0F) as a Function of Temperature. . . . . .  58 

Mean Coef f i c i en t  of Thermal Expansion A r c  C a s t  Tungsten (S t r e s s  
Relieved 1 Hour a t  2000°F) as a Function of Temperature. . . . . . .  59 

v i  i 



Figure  

16  

17  

18  

19 

20 

21 

22 

ILLUSTRATIONS (Continued) 

Page 

Mean Coeff ic ien t  of Thermal Expansion of Carboloy Grade 907 a s  a 
Function of Temperature. . . . . . . . . . . . . . . . . . . . . . .  59 

Mean Coeff ic ien t  of Thermal Expansion of Carboloy Grade 999 a s  a 
Function of Temperature. . . . . . . . . . . . . . . . . . . . . . .  60 

Mean Coeff ic ien t  of Thermal Expansion of Lucalox as a Function 
of Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

Mean Coeff ic ien t  of Thermal Expansion of Zircoa 1027 a s  a Function 
of Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

Mean Coeff ic ien t  of Thermal Expansion of Zircoa 1027 a s  a Function 
of Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

Mean Coeff ic ien t  of Thermal Expansion of Zircoa 1027 a s  a Function 
of Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

Mean Coeff ic ien t  of Thermal Expansion of Grade 7178 a s  a Function 
O f T e m p e r a t u r e . . . . . . . . . . . . . . . . . . . . .  . . . . .  - 6 2  

v i i i  

I 
i 
1 
I 
@ 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 



Tab1 e 

I 

I1 

I11 

I V  

v 

V I  

V I 1  

V I I I  

I X  

X 

X I  

X I  I 

X I 1 1  

x I V  

xv 

X V I  

X V I I  

X V l l I  

TABLES 

Page 

Candidate Bearing Materials . . . . . . . . . . . . . . . . . . . . 3 

Procurement S t a t u s  of t h e  Candidate Bearing Materials Test  
S p e c i m e n s . .  . ) .  , . * .  . . " .  . . . . . . . . . . . . . . . . 9 

Chemical Analyses of Cb-1Zr Alloy Specimens Used i n  t h e  F ina l  
Chevenard Dilatometer Checkout Tes ts .  . . . . . . . . . . . . . . . 12 

Hot Hardness Data f o r  Cb-1Zr Alloy Tes t  Specimen N o .  4 .  . . . . . . 13 

Chemical Analyses of Cb-1Zr Alloy Hot Hardness Specimens No. 4. . . 14 

Heats,  Free Energies and Entropies  of Formation . . . . . . . . . 17 

Chemical Analyses of Cb-1Zr A l l o y  Af t e r  Cb-1Zr Alloy/BN Compati- 
b i l i t y  T e s t  a t  1800°F i n  Vacuum . . . . . . . . . . . . . . . . . . 24 

Mater ia l  Bonding Tes ts .  . . . e . . . . . . . . . . . . . . . e 29 

Chemical Analyses of Potassium Used f o r  Isothermal Capsule Corrosion 
T e s t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

Test Temperatures f o r  Second 1,000-Hour Isothermal Capsule Corrosion 
T e s t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

Chemical Analyses of Cb-1Zr Alloy Sheet Exposed i n  Vacuum f o r  1 ,000 
Hours a t  1200° and 1600°F During Dimensional S t a b i l i t y  Tes t  No .  1 . 42 

Dimensional and Weight Changes of Specimens Exposed i n  Vacuum f o r  
1,000 Hours a t  1200°F . . . . . . . . . . . . . . . . . . . . . . 43 

Dimensional and Weight Changes of Specimens Exposed i n  Vacuum f o r  
1,000 Hours a t  1600°F . . . . . e . . . . . . . . . . . . . . 14 

Location of Specimens f o r  Dimensional S t a b i l i t y  Test  Run N o .  2.  . a 46 

Mean Coef f i c i en t s  of Thermal Expansion f o r  Pyros 56 . . . . . . 49 

Cal ib ra t ion  T e s t s  of t he  Chevenard Dilatometer  Using a Pyros 56 
Standard.  e .  . .  . . - .  . . . . . . . . . . . * . .  . . . . . 50  

Thermal Expansion Data f o r  Mo-TZM Alloy . . . . . . . . . . . . 51 

Thermal Expansion Data f o r  Unalloyed A r c  Cast Tungsten. . . . e . . 52 

i x  



Table 

XIX 

M 

XXI 

XXI I 

XXIII 

TABLES (Continued) 

Page 

Thermal Expansion Data for Carboloy Grade 907. . . . . . . . . . . .  53 
Thermal Expansion Data for Carboloy Grade 999. . . . . . . . . . . .  54 

Thermal Expansion Data f o r  Lucalox . . . . . . . . . . . . . . . . .  55 

Thermal Expansion Data f o r  Zircoa 1027 . . . . . . . . . . . . . . .  56 

Thermal Expansion Data f o r  Grade 7178. . . . . . . . . . . . . . . .  57 

X 

I 
I 
I 
I 
1 
I 
I 
1 



I. INTRODUCTION 

The program reviewed i n  t h i s  s i x t h  q u a r t e r l y  r e p o r t ,  covering 
a c t i v i t i e s  from J u l y  22, 1964 t o  October 22, 1964, i s  performed under 
the  sponsorship of t h e  National Aeronautics and Space Administration. 
Its purpose is t o  eva lua te  materials s u i t a b l e  f o r  potassium l u b r i c a t e d  
j o u r n a l  bear ing and s h a f t  app l i ca t ions  i n  space system turbogenerators  
ope ra t ing  over a 400°F t o  1600°F temperature range. The c r i t i c a l  r o l e  
of bearings i n  such sys t ems  demands the  maximum r e l i a b i l i t y  a t t a i n a b l e  
wi th in  today 's  s ta te-of- the-ar t .  Achieving t h i s  r e l i a b i l i t y  r e q u i r e s  
an i n t e r d i s c i p l i n a r y  approach employing t h e  best  mechanical designs 
of j ou rna l  bear ings combined wi th  t h e  s e l e c t i o n  of t h e  optimum materi- 
a l s  t o  se rve  as the  s t r u c t u r a l  members. S a t i s f y i n g  t h i s  l a t t e r  re- 
quirement c o n s t i t u t e s  t he  a i m  of t h i s  program. 

A number of i n v e s t i g a t o r s  have conducted s t u d i e s  i n  t h i s  f i e l d  
and t h e i r  c o n t r i b u t i o n s  have advanced the  s t a t e -o f - the -a r t  consider- 
ably (Section V I I I ,  R e f .  1). Although t h e i r  work i s  s i g n i f i c a n t ,  
t h e r e  are no common c r i t e r i a  for a comparison of t he  e x i s t i n g  data. 
Therefore,  e s t a b l i s h i n g  a un i f i ed  approach t o  t h e  development and 
eva lua t ion  of m a t e r i a l s  f o r  potassium l u b r i c a t e d  bear ing a p p l i c a t i o n  
i s  deemed e s s e n t i a l .  The program involves  a comprehensive i n v e s t i -  
ga t ion  of m a t e r i a l  p r o p e r t i e s  adjudged r e q u i s i t e  t o  re l iab le  j o u r n a l  
bear ing ope ra t ion  i n  t h e  proposed environment. T h i s  includes:  
1) corrosion t e s t i n g  of individual  m a t e r i a l s  and p o t e n t i a l  bearing 
couples i n  potassium l i q u i d  and vapor, 2) determinat ion of hot  hard- 
nes s ,  hot compressive s t r e n g t h ,  modulus of e l a s t i c i t y ,  thermal ex- 
papsion and dimensional s t a b i l i t y  c h a r a c t e r i s t i c s ,  3)  wet t ing  tests 
by potassium and 4)  f r i c t i o n  and wear measurements of selected bear- 
i ng  couples i n  high vacuum and i n  l i q u i d  potassium. 

In  cooperat ion w i t h  t h e  cognizant NASA Technical Manager, fou r t een  
candidate  m a t e r i a l s  were selected (Table I)  from a compilation of 
e x i s t i n g  d a t a  on a v a i l a b l e  ma te r i a l s .  The materials reviewed f a l l  
i n t o  f o u r  broad c a t e g o r i e s  : 

Superalloys and r e f r a c t o r y  a l l o y s  
w i t h  and without s u r f a c e  t reatment .  0 

0 Commercial metal bonded ca rb ides .  

Refractory compounds such as s t ab le  
oxides,  ca rb ides ,  borides  and n i t r i d e s .  0 

Cermets based on t h e  r e f r a c t o r y  
metals and s t a b l e  ca rb ides .  

0 

-1- 



Each material is procured from appropriate suppliers to mutually 
acceptable specifications and subsequently is subjected to chemical, 
physical and metallurgical analyses to document its characteristics 
before utilization in the program. After the documentation of processes 
and properties, the candidate materials undergo corrosion, dimensional 
stability, thermal expansion, compression and hot hardness testing. 
Considering the bearing material requirements and the preliminary in- 
formation obtained on materials subjected to both potassium and non- 
potassium testing, a number of materials combinations will be selected 
in cooperation with and subject to the approval of the NASA Technical 
Manager. Potassium corrosion and wetting tests and friction and wear 
measurements in high vacuum and liquid potassium will then proceed 
with these combinations. 

The ultimate product of this program will be a recommendation, 
substantiated with complete documentation, of the material or  materi- 
als which have the greatest potential for use in alkali metal journal 
bearings in high speed, high temperature, rotating machinery for space 
applications. Hopefully, the results will indicate the future course 
of alloy or material development specifically designed for alkali 
metal lubricated journal bearing and shaft combinations. 

-2- 



TABLE I: CANDIDATE BEARING MATERIALS 

Material C l a s s  C a n d i d a t e  Material 

A.  Nonrefractory Metals and A l l o y s  

B. R e f r a c t o r y  Metals and A l l o y s  

C. Fe-Ni-Co B o n d e d  C a r b i d e s  

S ta r  J (17%W-32%Cr-2.5%Ni-3%Fe- 
2. S%C-Bal . Co)  

Mo-TZM (O.fi%Ti-O.OS%Zr-Bal. Mo) 
Tungs t e n  

C a r b o l o y  907 (74%WC-2O%TaC-6%Co) 
C a r b o l o y  999 (97%WC-3%Co) 
K 6 0 1  (84.5%W-lO%Ta-5.5%C) 

D. C a r b i d e s  T i c  (94%) 

E.  O x i d e s  

F. B o r i d e s  

G. R e f r a c t o r y  Metal B o n d e d  C a r b i d e s  

T i B 2  (98%) 

TiC+5%W 
TiC+lO%Mo 
TiC+lO%Cb 
G r a d e  7178 

-3- 
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During t h e  s i x t h  q u a r t e r  of t h i s  program, t h e  t o p i c s  a b s t r a c t e d  
below were covered and t h e  r e s u l t s  are i n t e r p r e t a t i v e l y  p re sen ted  i n  
t h i s  r epor t .  

E s s e n t i a l l y  a l l  t h e  test specimens have been rece ived  and t h e  
over -a l l  procurement s t a t u s  is  93% complete. The s t a t u s  of i nd iv idua l  
test specimen conf igu ra t ions  is: co r ros ion ,  100% complete; dimensional 
s t a b i l i t y ,  100% complete; thermal expansion, 97% complete; hot hard- 
n e s s ,  100% complete; compression, 73% complete. 

Approximately 25 pounds of potassium were p u r i f i e d  by vacuum d i s -  
t i l l a t i o n  a t  500°F t o  550°F and a r e c e i v e r  p re s su re  of 2 x lod5 t o r r .  
A f t e r  add i t iona l  p u r i f i c a t i o n  by hot  t r app ing  i n  a t i t an ium l i n e d ,  
zirconium g e t t e r e d  hot  t r a p ,  the  potassium w i l l  be used f o r  t he  i n i t i a l  
checkout tests of t h e  f r i c t i o n  and wear test  r i g  f a c i l i t y .  

,',l 

Twenty Cb-1Zr a l l o y  capsule  assemblies were f i l l e d  w i t h  p u r i f i e d  
potassium and t e s t e d  i so thermal ly  f o r  1 ,000 hours a t  800°F, 1200°F, and 
1600% i n  a vacuun of t o  t o r r .  Chemical ana lyses ,  by t h e  
mercury amalgamation method, of samples of t he  potassium taken a t  t he  
sane t ine that  the  capsules  were f i l l e d , i n d i c a t e d  the potassium con- 
t a ined  less than  50 ppm oxygen. Each of t h e  t h r e e  sets of s i x  capsules  
contained test specimens of K601, T i c ,  lO%Cb+TiC, 5%W+TiC, Grade 7178, 
and S t a r  J ma te r i a l s .  Two add i t iona l  capsu le s ,  t e s t e d  a t  1600°F, 
contained specimens of 10%Mo+TiC and TiB2, r e spec t ive ly .  The chamber 
p re s su re  a t  t he  end of the t e s t  w a s  1 x lo-' torr. 

TCI eva lua te  dimensional s t a b i l i t y ,  d u p l i c a t e  specimens of t e n  of 

The chamber p re s su re  a t  t he  con.clusion of t h e  
t h e  fou r t een  candida te  materials were t e s t e d  f o r  1 ,000 hours a t  1200°F 
ar.d 16G0°F i n  vacuum. 
test  was 1.3 x t o r r .  Of t h e  t e n  m a t e r i a l s  eva lua ted ,  the Zircoa 
102? was t h e  only  material t o  show a s i g n i f i c a n t  change i n  dimensions, 
i .e. ,  approximately +0.4%, as a r e s u l t  of t he  1,000-hour exposure a t  
1600'F. S i i g h t  dixensional  changes, i .e. , approximately 0.02%, were 
observed i n  Cai-boloy 999, Carboloy 907, and tungs ten  a f t e r  exposure 
t o  both the 12U0°F and 1600°F test temperatures  and i n  K601 a f t e r  
exposure t o  t h e  1600°F test  temperature.  
observed f o r  Lucslox, T i c ,  Mo-TZM, 10%Cb+TiC o r  Grade 7178. A second 
1,000-hour test  incorpora t ing  d u p l i c a t e  specimens of t h i r t e e n  can- 
d i d a t e  m a t e r i a l s  has completed 750 hours a t m  800°F test temperature  
and a chamber p re s su re  of 1.1 x 10" t o r r .  

No de tec tab le-changes  were 

Environmental check tests wi th  Cb-1Zr a l l o y  test specimens were 
concluded s a t i s f a c t o r i l y  i n  t h e  Chevenard d i la tometer  and t h e  i n s t r u -  
ment was c a l i b r a t e d  aga ins t  a Pyros 56 s tandard .  Subsequently,  t h e  
t h e  nean c o e f f i c i e n t  of thermal expansion was determined as a f u n c t i o n  

. 
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of temperature for the following seven candidate materials: Mo-EDK, 
tungsten, Carboloy 999, Carboloy 907, Lucalox, Zircoa 1027, and 
Grade 7178. Again, dimensional instability was observed in the 
'Zircoa 1027 material. 

I 
I 
I 

The construction of both the vacuum and liquid potassium friction 
and wear test rigs is proceeding satisfactorily and a considerable 
number of the components have been completed. During the next quarter, 
both test rigs are scheduled to be received, assembled, and installed 
and checkout tests are to be initiated with the vacuum test rig. 

It was decided to proceed with the immersion conductive heater 
design for the liquid potassium friction and wear test rig. The 
heater incorporates a Cb-1Zr alloy sheath, Nichrome heating elements, 
and either BN or A1203 insulation. 
ductivity and preliminary compatibility tests of BN and Cb-1Zs alloy 
at 1800°F indicate that BN should be an acceptable insulator in the 
immersion heater for the liquid potassium friction tester, a heater 
utilizing A1203 as the insulation also will be fabricated. 

Although the high thermal con- 

The detailed design of the wetting test facility was completed. 
I 
I 
I 
I 
I 
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I I I. MATERIALS PROCUREMENT 

I 
I 
I 
I 

Various tes t  specimens were received throughout t h e  q u a r t e r  and a t  
t h e  end of t h e  r e p o r t  i n t e r im  the  over-al l  procurement s t a t u s  was 93% 
complete (Table 11). The following t a b u l a t i o n  i n d i c a t e s  t h e  s t a t u s  
of t h e  ind iv idua l  specimen configurat ions:  

0 Corrosion - 100% Complete 
0 Dimensional S t a b i l i t y  - 100% Complete 
0 Thermal Expansion - 97% Complete 
0 Hot Hardness - 100% Complete 
0 Compression - 73% Complete 

Because of t h e  complexity of t h e  compression specimens, s e v e r a l  
vendors encountered considerable  d i f f i c u l t y  i n  producing t h e  r equ i r ed  
number of specimens. A t  t h e  end of t h e  q u a r t e r ,  complete sets of 
t e n  compression specimens were on hand f o r  e i g h t  of t h e  fou r t een  
candidate  m a t e r i a l s ;  p a r t i a l  d e l i v e r i e s  w e r e  e f f e c t e d  f o r  t h r e e  of 
t h e  remaining s i x  m a t e r i a l s .  Those specimens s t i l l  t o  be de l ive red  
t o  achieve a 100% completion a r e  l i s t e d  below. 

-s 
Specimen No. No. Required 

Ordered t o  Complete Order ...- Material Configuration 

S t a r  J Thermal Expans ion 
S t a r  J Compress ion  
K601 Compression 
Tic Compression 
TiC+1 O%Mo Compress ion 
TiB2 Compress ion 
Tungsten Compression 

3 
10 
10 
10 
10  
10  
10  

2 
10 
10  
3 
2 
2 

10 

l'he vendor producing the 1.56-inch diameter,  unalloyed tungsten 
bar  s t o c k ,  from which compression specimens w i l l  be machined, agreed 
t o  attempt t o  produce the  ma te r i a l  by d i r e c t  e x t r u s i o n  from t h e  
3.8-inch diameter b i l l e t  t o  an approximate 1.75-inch diameter rod. 
The r equ i r ed  1.56-inch diameter s ize  w i l l  be obtained by machining. 
This process  w i l l  r e s u l t  i n  a 4.7:l ex t rus ion  r a t i o  or an approximate 
79% reduc t ion  i n  area. The former method included a f i n a l  r o l l i n g  
ope ra t ion  which gave an add i t iona l  25% reduc t ion  t o  t h e  mater ia l ,  or 
a t o t a l  r educ t ion  of 82%. On two previous at tempts  t o  r o l l  t o  t h e  
1.56-inch diameter rod ,  however, s eve re  cracking w a s  encountered. 
Because of t h e  l a t e  del ivery of t h e  s t a r t i n g  e l e c t r o d e  s tock and t h e  
schedul ing d i f f i c u l t i e s  which t h e  subsequent conversion ope ra t ions  
e n t a i l e d ,  d e l i v e r y  of t h e  mater ia l  from t h e  r e v i s e d  process  w a s  no t  
f i r m l y  a f f i x e d  a t  t h e  end of t h e  q u a r t e r .  

-7- 



Processing problems a l s o  were encountered i n  t h e  product ion of 
dimensional s t a b i l i t y  specimens from S t a r  J material .  Repeated 
r e j e c t i o n s  of e n t i r e  l o t s  of Specimens because of c r acks  detected 
by penetrant  i n spec t ion  precluded at tempts  t o  produce t h e  specimens 
by sand c a s t i n g  techniques.  This cracking problem w a s  a s soc ia t ed  
wi th  the r e l a t i v e l y  l a r g e  g r a i n  s ize  and o r i e n t a t i o n  of t h e  ca rb ide  
network, which r e s u l t e d  from t h e  slow coo l ing  achieved i n  t h e  sand 
mold. Subsequent s e c t i o n i n g  of t h e  excess  material from t h e  c a s t i n g  
and gr inding t o  t h e  f i n i s h e d  product dimensions r e s u l t e d  i n  t h e  
severe cracking problem. It was found t h a t  a semi-chi l l  c a s t i n g  
technique (g raph i t e  mold) produced a g r a i n  s t r u c t u r e  more amenable 
t o  subsequent machining and g r ind ing  ope ra t ions  and specimens were 
produced by t h i s  c a s t i n g  technique. Any a l t e r a t i o n  i n  g r a i n  s ize  
and carbide morphology w i l l  be documented and f a c t o r e d  i n t o  t h e  
f i n a l  evaluat ion of t h e  material. 

Additional Mo-TZM a l l o y  compression test  specimens were ordered. 
These specimens, de l ive red  i n  September, w i l l  be used t o  check ou t  
t h e  compression test  f a c i l i t y  and t o  e s t a b l i s h  t e s t i n g  techniques.  
One of t h e  Mo-TZM a l l o y  compression test specimens was f a b r i c a t e d  
i n t o  an u l t r a s o n i c  in spec t ion  s tandard t o  be used f o r  i n spec t ing  a l l  
t h e  compression specimens before  mechanical t e s t i n g .  Two notches,  
each 0.500-inch long by 0.003-inch wide by 0.0038-inch deep (approxi- 
mately 3% of reduced s e c t i o n  w a l l  t h i c k n e s s ) ,  w e r e  pos i t i oned  
l o n g i t u d i n a l l y  and c i r c u m f e r e n t i a l l y  90° a p a r t  i n  t he  c e n t e r  of t h e  
o u t s i d e  d i a m e t e r  of t h e  reduced sec t ion .  In spec t ion  w i l l  employ 
c i r cumfe ren t i a l  and l o n g i t u d i n a l  shear wave techniques.  In a d d i t i o n ,  
a similar notch was placed c i r c u m f e r e n t i a l l y  i n  t he  c e n t e r  of t h e  
r a d i u s  of t h e  reduced s e c t i o n  t o  f a c i l i t a t e  a c a r e f u l  survey of t h i s  
c r i t i c a l  a rea  of the  test specimen conf igu ra t ion .  
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IV.  TEST FACILITIES 

Thermal Expansion 

The a l t e r a t i o n s  t o  t h e  Chevenard d i la tomer  described previous ly  
i n  Q u a r t e r l y  Progress  Report No. 5,2 r e s u l t e d  i n  an acceptab le  
environment f o r  t h e  thermal expansion test program. The environ- 
ment was eva lua ted  by exposing a chemical ly  c leaned 0.187-inch 
diameter Cb-1Zr a l l o y  r o d  (Heat No. 373-4, Kawecki Chemical Company) 
t o  the  a n t i c i p a t e d  test cycle ,  i.e., room temperature  t o  1600°F t o  
room temperature (approximately 8 hours exposure t i m e )  and, then ,  
e s t a b l i s h i n g  the magnitude of the inc rease  i n  the gaseous elements 
i n  the Cb-1Zr a l l o y  specimen. 

The tested specimen was sec t ioned  i n t o  three 0.125-inch th i ck  
t r ansve r se  samples from t h e  f r o n t ,  middle,  and back of t he  rod and 
t h e s e  were analyzed f o r  oxygen, n i t rogen ,  and hydrogen by the  vacuum 
f u s i o n  method. Simultaneously, samples of the untes ted  Cb-1Zr  a l l o y  
rod were submitted f o r  analyses t o  provide the p re - t e s t  i n t e r s t i t i a l  
l e v e l s .  Table 111 p r e s e n t s  the  d a t a  obta ined  from t h e  chemical 
analyses .  From these d a t a ,  it i s  clear ly  ev ident  tha t  a s a t i s f a c t o r y  
test environment has been achieved i n  the  test  f a c i l i t y .  

Hot Hardness 

A f t e r  the modi f ica t ions  described i n  Q u a r t e r l y  Progress  Report 
2 No. 5 were completed, t h e  hot hardness tester was re-assembled and 

evacuated. 
2 x torr  a f t e r  s e v e r a l  hours. This improvement i n  the vacuum 
c a p a b i l i t i e s  of t h e  test f a c i l i t y  w a s  c e r t i f i e d  by exposing a Cb-1Zr 
a l loy  test specimen (No. 4) to t h e  intended test cyc le  t o  1600OF. 
The r e s u l t a n t  hardness data (Table I V ) ,  which showed no i n c r e a s e  i n  
t h e  su r face  hardness of t h e  Cb-1Zr a l l o y ,  i n d i c a t e d  a s a t i s f a c t o r y  
test environment. To ve r i fy  the  q u a l i t y  of the environment f u r t h e r ,  
the specimen was sec t ioned  f o r  chemical ana lyses  of the i n t e r s t i t i a l  
elements oxygen, n i t rogen ,  and hydrogen. Two t h i n  s e c t i o n s  of vary- 
i ng  th ickness  were taken from the exposed micropolished s u r f a c e  and a 
t h i r d  sample w a s  taken from t h e  c e n t e r  of t h e  cube approximately 
0.200 inch  beneath the surface.  A l l  bur rs  were removed by po l i sh ing  
on s i l i c o n  ca rb ide  paper and the samples were degreased i n  petroleum 
e t h e r  j u s t  before  test. The approximate dimensions of each sample 
a r e  t abu la t ed  on page 14. 

The p res su re  appeared t o  s t a b i l i z e  a t  approximately 

-11- 



mBLE 111: CHEMICAL ANALYSES' OF Cb-1Zr ALLOY SPECIMENS' 
USED I N  THE FINAL CHEVENARD DIMTOMETER CHECKOUT TESTS 

Element, ppm 
Sample I d e n t i t y  0 N H 

3 
Untested Material 

4 
' Tested Material 

5 Front Sample 

155 10 4 
171 9 5 

154 21 6 

111 13 6 

133 14  6 

5 Middle Sample 

Back Sample 5 

'BY vacuum fusion techniques.  

'Specimen: MCN 1228-2, 0.187-inch diameter rod. 

3Chemically cleaned (60&0, 20%HN03, 20%HF) be fo re  a n a l y s i s .  

'Chemically cleaned before  t e s t i n g  i n  d i l a tome te r .  

5Transverse s e c t i o n  0.125-inch th i ck .  
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TABLE IV:  HOT HARDNESS DATA FOR Cb-1Zr ALLOY TEST SPECIMEN NO. 4 
(Specimen: MCN 122,  0.5-inch Cube; One Surface Pol i shed  t o  Approximately 2-5 rms) 

T ime  Vacuum, Temp., Hardness Number, 
Minutes t o r r  OF kg/mm2 

-- 
1 
8 

13 
21 
35 
49 
63  
75 
87 
97 

115 
130 
150 
159 
170 
177 
180 
195 
230 
265 

-- 
-- 

1.8 x 10-5 
1.6 10-5 
3.4 10-5 
7.0 10-5 
8.0 10-5 
5.6 10-5 
5.0  10-5 
5.0 10-5 
6.0 10-5 
5.6 10-5 
6.0 10-5 
5.6 10-5 
5.0 10-5 
5.8 10-5 
5.5 10-5 
2.8 10-5 
2.0 10-5 
1.6  10-5 
1.0 10-5 
8.4 x -- 

RT 
RT 
120 
209 
306 
400 
5 00 
600 
700 
800 
9 25 

1003 
1175 
1300 
1400 
1500 
1600 
1400 
1200 

983 
703 
500 
RT 

91 

96 
83 
79 
76 
65 
65 
60 
58 
55 
57 
61 
71 
67 
65 
65 

67 
65 
61 
67 
913 

912 

-- 

NOTES : 
1) Room temperature hardness of t h e  sample on a W o n  tester using 

91 kg/mm2 
91 kg/mm2 - 9 2 kg/mm2 

Average - 91 kg/mm2 

a 100-gram load: 

2) Room temperature hardness of t h e  sample on t h e  hot  hardness tester 
us ing  a Vickers pyramid diamond, a 100-gram load,and a 15-second hold: 

84 kg/mm2 
96 kg/mm2 - 93 kg/mm2 

Average - 91 kg/mm2 

3) Room temperature hardness of t h e  sample, a f t e r  test  cyc le ,  on t h e  
hot  hardness tester us ing  a Vickers pyramid diamond, a 100-gram 
load ,  and a 15-second hold: 

95 kg/mm2 
90 kg/mm2 
- 89 kg/mm2 

Average - 91 kg/mm2 
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Sample Sample 
Identity Dimensions Remarks 

A 

B 

C 

0.024-inch thick x 
0.119-inch wide x 
0.347-inch long 

0,054-inch thick x 
0.141-inch wide x 
0.347-inch long 

0.106-inch thick x 
0.186-inch wide x 
0.188-inch long 

One surface ex- 
posed to test 
environment 

One surface ex- 
posed to test 
environment 

Sample surf ace 
approximate1 y 
0.200 inch from 
surface exposed 
to test environ- 
ment 

The results of the analyses of the above specimens are presented in 
Table V. 

TABLE v: CHEMICAL ANALYSES~ OF 
Cb-1Zr ALLOY HOT HARDNESS SPECIMEN NO. 42 

Element, ppm 
Sample 0 N H 

A 290 17 22 

B 187 18 6 

C 156 20 4 

By vacuum fusion techniques 1 

2~~~ 122 

The data show a concentration of oxygen on the exposed mieropolished 
surface, evidenced by the dilution of the oxygen in Sample B versus the 
oxygen concentration in Sample A. However, since the average room 
temperature microhardness of the specimen before and after the exposure 
to the hot hardness tester conditions was identical, i.e., 91 kg/mm, 
the high oxygen concentration is probably restricted to a very thin 
layer at the surface and has no measurable influence on the bulk hard- 
ness of the Cb-1Zr alloy. Also, the candidate bearing materials are 
much less sensitive to environmental contamination than the Cb-1Zr 
alloy. For these reasons, it is believed that the modifications to 
the hot hardness tester have effected an acceptable environment for 
the test program. Testing of the candidate materials will be initiated 
in the next quarter. 
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F r i c t i o n  and Wear 

F r i c t i o n  and Wear i n  Liquid Potassium. The major vendors of t h e  
tester components were v i s i t e d  seve ra l  times during the r e p o r t i n g  
pe r iod  t o  review t h e i r  progress.  In gene ra l ,  f a b r i c a t i o n  of t h e  com- 
ponent p a r t s  i s  proceeding s a t i s f a c t o r i l y  and on schedule;  t he  ma jo r i ty  
of t h e  m a t e r i a l s ,  commercial i t e m s ,  and t o o l i n g  are on hand and 
machining has been completed on a number of components. 

Several  i t e m s  t h a t  were f a b r i c a t e d  from r e f r a c t o r y  a l l o y s  have 
been welded a t  General E l e c t r i c  and r e tu rned  t o  t h e  vendor f o r  f i n i s h  
machining. Included is t h e  potassium e x i t  tube,  which comprises Type 
304L SS tube,  s l e e v e s ,  and t r a n s i t i o n  p i ece ;  a 3/4-inch schedule 80 
Cb-1Zr a l l o y  p ipe ;  and a Cb-1Zr alloy/Type 304L SS b ime ta l l i c  j o i n t .  
The j o i n t  conf igu ra t ion  is  shown i n  Figure 1 and was f a b r i c a t e d  accord- 
ing t o  S p e c i f i c a t i o n  SPPS-SA, "Vacuum Brazing B i m e t a l l i c  Tube Joints" .  
Also included i s  t h e  Cb-1Zr Alloy sump cover and b a f f l e  which has been 
welded, r e tu rned  t o  t h e  vendor, and f u l l y  machined. Semifinished 
machined components of the Cb-1Zr a l l o y  d i s c  specimen holder  and t h e  
molybdenum s l eeve  assembly a r e  c u r r e n t l y  being brazed a t  General 
Electr ic .  

It  w a s  decided t o  proceed with t h e  immersion, conductive potassium 
sump heater design c o n s i s t i n g  of a C b - 1 Z r  a l l o y  shea th ,  Nichrome heat-  
i n g  elements,  and A1203 or BN i n s u l a t i o n .  
i n s u l a t i o n  are being procured i n  the  event t h a t  processing d i f f i c u l t i e s  
and/or i n t e r a c t i o n s  between t h e  i n s u l a t i n g  m a t e r i a l  and t h e  Cb-1Zr a l l o y  
sheath or Nichrome hea t ing  element prevent t h e  f a b r i c a t i o n  or use of one. 
From the  thermodynamic data shown i n  Table V I ,  both A1203  and BN are 
expected t o  be compatible w i t h  t h e  sheathing and t h e  hea t ing  element 
materials. Although the  zirconium would be expected t o  react w i t h  BN 
t o  form Z r N ,  t h e  small amount of f r e e  zirconium p resen t  i n  t he  Cb-1Zr 
a l l o y  is not  expected t o  a f f e c t  t h e  performance of t h e  heaters. The 
a l t e r n a t e  immersed r a d i a t i o n  heater descr ibed i n  Q u a r t e r l y  Progress 
Report No. 52  could (not) be used without a major redesign of t he  test  
r i g  i n  o rde r  t o  s a t i s f y  the  concurrent requirements o f :  

Heaters w i t h  both types of 

1) t r a n s m i t t i n g  500 amperes i n t o  t h e  vacuum chamber, 

2) allowing f o r  t he  evacuation of the  i n t e r i o r  of t he  
Cb-1Zr  a l l o y  hea te r  assembly t o  approximately t o r r ,  

3) p re se rv ing  t h e  c a p a b i l i t y  of assembly and disassembly. 

A supply of Cb-1Zr a l l o y  tubing,  r equ i r ed  t o  make t h e  shea ths  f o r  
t h e  f i r e  rods ,  w a s  l o c a t e d  wi th  a s u f f i c i e n t l y  s h o r t  l e a d  t i m e  t h a t  
i t s  d e l i v e r y  w i l l  no t  s e r i o u s l y  delay t h e  a v a i l a b i l i t y  of t h e  h e a t e r  
for assembly w i t h  t h e  o t h e r  components of t h e  test  r i g .  Standard com- 
ponents f o r  making a s t a i n l e s s  s teel  working model of t he  Cb-1Zr a l l o y  
sheathed heater w i l l  be ordered, however, so t h a t  assembly and vacuum 
and heat t r a n s f e r  checks may be made even though the  d e l i v e r y  of the 
Cb-1Zr a l l o y  heater i s  delayed. 
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TABLE VI: HEATS, FREE ENERGIES AND ENTROPI~S OF  FORMATION(^) 

Accuracy ( l )  
Compound -AH298 s298 - / lF300 - nF500 - l \ F I O O O  - nF1500 2 KCal  

2/3 A1203 

2/3 B2O3 

2 CbO 

CbO2 

2/5 Cb205 

2 N i O  

2/3 Cr203 

ZrO2 

2 A1N 

2 BN 

2 CbN 

2 Cb2N 

2' N i 3 N  

2 C r N  

2 Cr2N 

2 Z r N  

266.6 

203 e 9 

195.0 

190.9 

181.6 

114.0 

180 .O 

259.5 

153.0 

128.4 

113.6 

122.2 

- 0.4 

58.8 

54.8 

174.6 

251.6 241.6 216.4 182.0 4 

191.4 182.9 4.5 --- --- 
4 

177.5 168.5 146.2 123.8 2 

--- 176.6 --- --- 

101.8 92.0 72.0 51.8 3 

167.4 157.8 137.2 116.4 4 

245.5 236.2 213.8 191.9 4 

16 140.6 131.8 -e- --- 
188.2(2) 99.8(2) 78,6(2) 57,8(2) 10 

100.0(3) 90.8(3) . --- --- 4 

3 46.2 37.6 19.4 . --- 
44.8 38.0 24.4 13.4 3 

160.6 141.8 129.4 106.6 3 

(1) Smi the l l s ,  Colin,  J., "Metals Reference Book, 11 Vol. 11, Butterworth,  

Inc. ,  Washington, D.C., 1962. 

(2) JANAF Thermodynamic Tables, The Dow Chemical Company, Midland, 
Michigan, 1963. 

t t  I t  (3) E l l i o t ,  J. F . ,  Thermochemistry f o r  Steelmaking, Vol. I ,  Addison- 
Wesley Publ ishing Company, Inc. ,  Massachusetts,  1960. 
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The fol lowing new designs or design changes t o  t h e  test r i g  were 
made during t h e  r e p o r t i n g  per iod:  

The f l a n g e  wi th  thermocouple w e l l ,  shown i n  Figure 2, 
was designed t o  r ep lace  one of t h e  loading  a m  so 
t h a t  t h e  temperature of t h e  potassium can be measured 
as it passes  over t h e  d i s c  specimen sur face .  

The design of t h e  power l e a d  condui t  f o r  t h e  immersion 
hea t ing  elements was changed t o  d e l e t e  t h e  s o l i d  in su la -  
t i o n ,  which was to  bd padked and swaged t n s i d e  t h e  condujt  
tube,  and to substdthhe a beaded tnsulati'orl,. Taaa permits  a 
dynamic vacuum t o  be achieved i n s i d e  t h e  heater during 
opera t  ion,  

The f i t t i n g ,  shown i n  Figure 3, w a s  designed t o  provide 
a welded primary vacuum s e a l  i n  t h e  test r i g ;  i n s u l a t i o n  
and quick disconnect  of t h e  e l e c t r i c a l  l eads  f o r  t h e  sump 
hea te r ;  and an opening f o r  t h e  evacuat ion of t h e  hea te r  
condui t .  Minor modi f ica t ions  of s t anda rd  Conax f i t t i n g s  
a r e  requi red .  

me electrical te rmina l ,  shown i n  Figure 4,  was designed 
to  prevent  deformation of t h e  power leads upon repea ted  
assemblies.  

The design of t h e  s h a f t  bear ing ,  shown i n  Figure 5,  was 
changed so t h a t  t h e  d i r e c t i o n  of t h e  t h r u s t  a c t i o n  o f  
t he  upper bear ing  is reversed  and, thus ,  convergent w i t h  
t h e  t h r u s t  d i r e c t i o n  of t h e  lower bearing. P u l l e r  grooves 
a l s o  w e r e  designed i n  the  s h a f t  bear ing  assembly t o  f a c i -  
l i t a te  disassemblies .  

Other  minor modif icat ions were made so t h a t  mating hardware could 
accommodate the  enumerated changes. 

C b - l Z r  Alloy/BN Compatibi l i ty  T e s t .  One of t h e  designs f o r  
t h e  immersion conductive hea te r  i n  t h e  l i q u i d  potassium f r i c t i o n  and 
wear test r i g  r equ i r e s  t h e  use of BN a s  t h e  i n s u l a t o r  i n  t h e  Cb-1Zr 
a l l o y  sheathed, f i r e - rod  hea te r s .  T e s t s  were i n i t i a t e d  t o  eva lua te  
t h e  compa t ib i l i t y  of t h e  Cb-1Zr a l l o y  i n  in t ima te  con tac t  wi th  t h e  
BN a t  1800°F f o r  t i m e  per iods  up t o  100 hours. 

The t e s t  f i x t u r e  cons i s t ed  of a 1/4-20 NC by 1-inch Cb-1Zr a l l o y  
b o l t  w i t h  a molybdenum nut  on which were p laced ,  success ive ly ,  washers 
of 99.5% A1203,  Cb-1Zr a l l o y ,  BN, Cb-1Zr a l l o y ,  and 99.5% Al2O3. 
Cb-1Zr a l loy  specimens were 3/16-inch t h i c k  s e c t i o n s  t h a t  were c u t  
from 3/8-inch diameter schedule  80 pipe.  Before t e s t i n g ,  t hey  were 
cleaned i n  a mixture of 60%H20-20%HN03-20%HF, r i n s e d  i n  water  followed 

The 
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2.75 D i a  

n - t  

0.257-0.266 Dia Thru 
4 Holes Eq. Sp. 

Figur 2. Flange Design with Thermocouple We 
Temperature of Potassium Flowing Over the Surface of the 
Disc Specimen in the Friction and Wear Tester. 

to be used to Measure 
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Vacuum Port 
0.375-Inch OD 
x 0.375-Inch Thick 
Wall Type 304 SS \ 
Tubing 

TIG Weld 

- 1.75 - 

Stainless Steel 

Lava Insulator 

Modified Conax 
Thermocouple Gland 

Viton Seal 

Modified Conax Stainless 
Steel Packing Gland 

Viton Seal 

I ' / I  
k 0 . 6 2 5 4  

-0.938 

Figure 3. Power Feedthrough Fitting for Potassium Conductive Immersion 
Heater. The Primary Vacuum Seal to the System is Made by 
Means of a Conflat Flange Welded to the Conduit Tube. 
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by  acetone, and a i r  d r i e d .  The BN specimen w a s  formed from a 1-inch 
diameter by 1/4-inch t h i c k  d i sc .  Before t e s t i n g ,  t h e  BN specimen was 
given a vacuum bakeout f o r  19 hours a t  675OF p l u s  one hour a t  2200°F 
a t  a p re s su re  of 1 x t o r r .  The furnace used f o r  t h e  c o m p a t i b i l i t y  
test cons i s t ed  of a tantalum r e s i s t a n c e  element and w a s  equipped w i t h  
an o i l  d i f f u s i o n  pump w i t h  a water-cooled Chevron b a f f l e  between t h e  
pump and t h e  test  chamber. The furnace is capable of a t t a i n i n g  a 
p re s su re  of 5 x 10-6 t o r r .  

A f t e r  a P t  vs Pt+lO%Rh thermocouple w a s  a t t ached  t o  t h e  Cb-1Zr 
a l l o y  b o l t  head, t h e  t es t  f i x t u r e  w a s  wrapped i n  tantalum f o i l .  The 
f i x t u r e  w a s  p laced i n  the furnace on a tantalum support ,  and t h e  s y s -  
t e m  was s e a l e d  and evacuated t o  a p re s su re  of less than 5 x lom5 t o r r .  
The furnace w a s  heated slowly t o  t h e  test temperature of 1800°F, w h i l e  
t h e  p re s su re  i n  t h e  furnace was maintained below 5 x t o r r .  A f t e r  
15 hours a t  1800°F, during which t h e  p re s su re  dropped t o  5 x 10-6 t o r r ,  
t h e  furnace w a s  turned off  and allowed t o  cool t o  room temperature. 
The t e s t  f i x t u r e  was removed from t h e  fu rnace ,  a second assembly was 
i n s t a l l e d ,  and the  test  was repeated under t h e  same cond i t ions  f o r  
100 hours. 

The Cb-1Zr a l l o y  test specimens were evaluated by chemical analyses  
(Table V I I ) ,  metallography (Figure 6) and microhardness t r a v e r s e s  
(Figure 7 ) .  The inc rease  inoxygen and t h e  subsequent i nc rease  i n  sur-  

f a c e  hardness of t h e  Cb-1Zr a l l o y  are a t t r i b u t e d  t o  i m p u r i t i e s  i n  the  
BY t h a t  were not  removed during the  vacuum bakeout and, t o  a lesser 
exten?, t o  environmental e f f e c t s .  F u r t h e r  evidence t o  t h i s  f a c t  can 
be seen i n  the  micrograph i n  Figure 6 showing the  p r e c i p i t a t i o n  of 
ZrO2 t o  t h e  ex ten t  of approximately 0.012 inch from t h e  su r face .  The 
p p ' t - f r e e  zone extending approximately 0.002 inch  from the s u r f a c e  is  
a t t r i b u t e d  t o  t h e  u n a v a i l a b i l i t y  of f ree  zirconium t o  react w i t h  t he  
oxygen from t h e  BN. Future  t e s t s  are planned us ing  BN, which has 
been baked out  a t  2800°F t o  remove t h e  B2O3 i m p u r i t i e s ,  or t h e  higher  
p u r i t y  BN t h a t  i s  now commercially ava i l ab le .  Separate  l o t s  of t h e  
BY t o  be used i n  t he  f a b r i c a t i o n  of t h e  i n i t i a l  " f i r e  rods" w i l l  be 
outgassed a t  both 2200°F and 2800'F. 

F r i c t i o n  and Wear i n  High Vacuum. Quotat ions were received on t h e  
high vacuum testers and the major components were ordered during t h e  
r e p o r t i n g  per iod.  The vendors include:  McGregor Manufacturing Company 
(Troy, Michigan), the assembly and spa re  p a r t s ;  I n d u s t r i a l  Tectonics ,  
Inc.  (Compton, C a l i f o r n i a ) ,  the bear ings;  P r e c i s i o n  Mechanics, Inc. 
(Yewton, Ohio), t he  loading arm assemblies. The scheduled d e l i v e r y  
date f o r  t h i s  machine i s  now December 15 ,  1964. The main s h a f t  bear- 
i ngs  w i l l  be t he  l i m i t i n g  item and an assembly made on t h a t  date w i l l  
probably con ta in  s tandard bearings. The over-al l  program is  proceeding 
s a t i s f a c t o r i l y .  

The s h a f t  bearing design w a s  changed i n  a manner s imilar  t o  t h a t  
noted f o r  t he  potassium test r i g .  I n  a d d i t i o n ,  on the  b a s i s  of ex- 
pe r i ence  a t  NASA-Goddard Space F1 i g h t  Center,  decreasing t h e  thick-  
nes s  of t h e  gold p l a t i n g  i n  the  races from 0.002-0.003 inch  t o  
0.0003-0.0006 inch i s  being considered. 
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1 
TABLE VII: CHEMICAL ANALYSES OF Cb-1Zs ALLOY AFTER 

Cb-1Zr ALLOY/BN COMPATIBILITY TEST AT 1800°F I N  VACUUM 

Element, pp m 
Sample I d e n t i t y  0 N H 

A. Cb-1Zr Alloy, As-Re-  
ceived 

231 40 9 

B. Cb-1Zr Alloy, Af t e r  
15-Hour Exposure 3 

65 6 60 5 

C. Cb-1Zr Alloy, Af t e r  586 48 2 
3 100-Hou- Exposure 

'By vacuum fus ion  techniques.  

25 x t o r r .  

30pposi te  s u r f  ace exposed t o  A12Q3 w a s  removed; specimen th i ckness  0.125 inch. 

-24- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. 
a 

Figure 6. Microstructure of Cb-1Zr Alloy Surface in Contact with BN 
for 100 Hours at 1800'F in a Vacuum of 5 x 
Etchant: Top, As Polished Mag: Top, 250X 

Torr. 

Bottom, 2% HF, 20% "Os, 60% I320 Bottom, l O O X  
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Figure 7. Microhardness Traverses of Cb-1Zr Alloy Specimens After 
Cb-1Zr Alloy/BN Compatibility Tests at 1800OF in Vacuum. 
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Materials Bonding T e s t s .  During bakeout, ope ra t ion ,  and, i n  t h e  
case of t h e  potassium f r i c t i o n  tester,  potassium d i s t i l l a t i o n ,  s e v e r a l  
m a t e r i a l s  combinations w i l l  be i n  in t ima te  c o n t a c t  i n  an environment 
i n  which temperatures range up t o  1600°F and p res su res  range as low as 
10-9 t o r r .  Two types of tests were i n i t i a t e d  t o  eva lua te  the  degree of 
bonding or s e i z i n g  t h a t  would occur between t h e  m a t e r i a l s .  Should such 
bonding occur,  it would impede the  ope ra t ion  of t h e  f r i c t i o n  tes ter  or 
prevent t h e  disassembly required f o r  changing t h e  specimens. 

Screw Bonding Test.  A screw bonding test  w a s  conducted t o  
determine whether bonding would occur between t h e  specimen holder  and 
t h e  s h a f t  material  or b o l t i n g  ma te r i a l .  I f  permit ted t o  occur ,  such 
bonding would p resen t  a problem i n  changing specimens. The specimens 
used i n  t h e  tes t ,  shown i n  Figure 8 and l i s t e d  i n  Table VIII(Specimens 
No. 1 and No. 2 ) ,  were 1/4-20 NC x 3/4-inch screws contained i n  
d r i l l e d  and tapped blocks.  The equipment used t o  conduct t h e  test 
cons i s t ed  of a s p l i t  element tantalum r e s i s t a n c e  h e a t e r  with tantalum 
r a d i a t i o n  s h i e l d i n g ,  which was i n s t a l l e d  i n  a Varian Model VI-16 high 
vacuum s y s t e m  as described i n  Q u a r t e r l y  Progress  Report No. 3 .  4 

The specimens were appropr i a t e ly  cleaned,  assembled, and t i gh tened  
t o  5 f t - l b s  torque. The release torque was checked seve ra l  t i m e s  and 
was a c o n s i s t e n t  4 f t - l b s  i n  both m a t e r i a l  combinations. A f t e r  f i n a l  
assembly, a P t  vs Pt+lO%Rh thermocouple was a t t ached  t o  t h e  specimens 
and t h e  specimens w e r e  suspended i n  t h e  center of t h e  tantalum hea te r .  
Subsequently, t h e  system w a s  s ea l ed ,  evacuated t o  a p re s su re  of 
4 x t o r r ,  and given an 8-hour bakeout. Af t e r .  t h e  bakeout, t h e  
p re s su re  i n  t h e  s y s t e m ,  a s  measured by a Bayard-Alpert i o n i z a t i o n  
gauge mounted on t h e  chamber, w a s  2 x t o r r .  

The specimens were slowly heated t o  t h e  1600°F test temperature,  
while t h e  p re s su re  i n  t h e  chamber w a s  maintained below 1 x t o r r .  
A f t e r  reaching t h e  test  temperature, t h e  s ecimens w e r e  held a t  1600°F 
and an average chamber pressure of 5 x lo-' t o r r  f o r  2 hours and were 
then allowed t o  cool t o  room temperature. When t h e  s y s t e m  w a s  opened, 
t h e  specimens were removed and t h e  release torque was checked f o r  
evidence of any bonding of t h e  screw. The Mo-TZM a l l o y  screw w a s  re- 
l eased  from t h e  Cb-1Zr a l l o y  block a t  5 f t - l b s  torque,  which w a s  
s l i g h t l y  h ighe r  than t h e  4 f t - l b s  e s t a b l i s h e d  be fo re  t h e  test .  The 
M-252 a l l o y  screw i n  t h e  Mo-TZM a l l o y  block had loosened during t h e  
test  and would have measured a t  something less than f i n g e r - t i g h t .  
Visual examination produced no i n d i c a t i o n  of specimen bonding. 
Although t h i s  s i t u a t i o n  might be d i f f e r e n t  i n  t h e  presence of potas-  
sium where su r face  oxides are reduced, previous tests5 with vapor 
b l a s t e d  Rene' 41 screws i n  a Type 316SS block, which w e r e  torqued t o  
11 f t - l b s  and exposed t o  potassium f o r  500 hours a t  1500°F i n  an 
Inconel capsu le ,  a l s o  showed no evidence of bonding. 

Bearing and Compression Bonding T e s t s .  Addition materials 
combinations were inves t iga t ed  t o  determine whether bonding would occur 
because of a high vacuum bakeout or during t h e  actual  t e s t i n g  cyc le .  
The specimens t h a t  were used i n  t h e s e  tests a r e  l i s t e d  i n  Table V I 1 1  
and a r e  descr ibed on page 30. 
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-7 
Figure 8. Screw Bonding Test Assemblies Tested in a Vacuum of 1 x 10 

Torr for Two Hours at 1600'F: (Left) Mo-TZM Alloy Screw in 
Cb-1Zr Alloy Block and (Right) M-252 Alloy Screw in Mo-TZM 
Alloy Block. (C64090159) 
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Specimen No. 

3 

4 

5 and 6 

7 

Descript ion 

Two b a l l  bear ing assemblies of s imi la r  
materials but of d i f f e r e n t  s i z e .  Each 
bear ing w a s  mounted i n  a compression 
f i x t u r e  t h a t  produced, by b o l t  t ens ion ,  
a s imulated a x i a l  l oad  of approximately 
60 l b s  on t h e  bearing. 

Discs of each material clamped toge the r  
i n  a compression f i x t u r e .  

Heavy washers of each of the  test materials 
b o l t e d  t o g e t h e r  on a s t a i n l e s s  s teel  b o l t .  

1-inch by 1-inch by 3/8-inch t h i c k  p i eces  
of t h e  materials l o o s e l y  s tacked toge the r  
without e x t e r n a l  pressure.  

The equipment and tes t  s e t u p  were t h e  same as those descr ibed f o r  
the screw bonding test  except t h a t  a l a r g e r  heater and r a d i a t i o n  s h i e l d -  
ing w a s  r equ i r ed  t o  accommodate the  increased number of specimens. A l -  
though a prel iminary test w a s  conducted t o  determine whether t he  chamber 
bakeout system could be used as the  heat source f o r  t h e  test ,  t he  
maximum i n t e r n a l  chamber temperature a t t a i n e d  w a s  only 350°F and t h a t  
approach was discarded. 

The test assemblies were i n s t a l l e d  i n  t h e  chamber, and the  s y s t e m  
was sealed and evacuated t o  a p re s su re  of 4 x t o r r .  A f t e r  an 
8-hour bakeout per iod,  t h e  chamber p re s su re  w a s  2 x t o r r .  Then, 
t h e  specimens were slowly heated t o  t h e  test  temperature of 750°F, 
measured by a P t  vs Pt+lO$Rh thermocouple a t t ached  t o  one of the  bear- 
i n g  specimens. Although an attempt was made t o  maintain t h e  chamber 
p re s su re  i n  t h e  t o r r  range during the  tes t ,  due t o  outgassing of 
t h e  system,the lowest p re s su re  a t t a i n e d  during the  33-hour heat-up 
pe r iod  was i n  t he  lom7 t o r r  range wi th  s h o r t  b u r s t s  as high as 
1 x lom5 t o r r .  The specimens were he ld  a t  t h e  test temperature of 
750°F f o r  16  hours a t  an average p r e s s u r e  of 2 x lom7 t o r r .  

A f t e r  coo l ing  t o  room temperature,  t h e  test  se tup  w a s  disassembled 
and each specimen was examined f o r  evidence of bonding. The only 
specimen t h a t  had bonded w a s  t h e  OFHC copper washer vs t h e  Type 304 SS 
washer, which r ep resen ted  a f l a n g e  and s e a l i n g  gasket.  However, 
examination of t h e  mating s u r f a c e s  r evea led  no evidence of any welding 
t h a t  would have s c a r r e d  t h e  s u r f a c e  of a f l ange .  In  a p p l i c a t i o n ,  t h e  
copper gasket w i l l  be replaced be fo re  each assembly. A l l  o t h e r  assemblies 
showed no evidence of bonding. 
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Wetting 

Deta i led  design of t h e  potassium we t t ing  apparatus  has been com- 
p le ted .  Engineering drawings of t h e  f a c i l i t y  are c u r r e n t l y  being 
prepared and w i l l  be forwarded t o  t h e  NASA Technical Manager f o r  
approval during t h e  next  repor t  inter im.  
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V. TEST PROGRAM 

Potassium P u r i f i c a t i o n  

An a d d i t i o n a l  24.9 pounds of potassium from con ta ine r  D-80 w a s  
t r a n s f e r r e d  t o  t h e  modified container  a t t ached  t o  t h e  s t i l l  and w a s  
outgassed a t  400°F t o  450°F f o r  one hour before  d i s t i l l a t i o n .  
gas evolut ion caused by t h e  l a r g e  conductance of t h e  vacuum manifold 
w a s  detected.  The e n t i r e  24.9 pounds of potassium w a s  d i s t i l l e d  a t  
500°F t o  550°F w i t h  the  receiver p res su re  a t  approximately 2 x 
t o r r ;  t h e  i n i t i a l  p re s su re  i n  t h e  r e c e i v e r ,  before  hea t ing  t h e  s t i l l  
f o r  d i s t i l l a t i o n ,  was 1 x lom6 t o r r .  
b r i g h t  and looked very clean.  

No 

A s  before ,  t h e  d i s t i l l a t e  w a s  

A f t e r  f u r t h e r  p u r i f i c a t i o n  by hot  t r app ing ,  t h e  p u r i f i e d  potassium 
w i l l  be used t o  f i l l  capsules  f o r  t h e  t h i r d  series of 1,000-hour cor- 
ro s ion  tests and f o r  t h e  i n i t i a l  checkout of t h e  potassium f r i c t i o n  
and wear test r i g .  

Gorr o s i on 

Twenty p rev ious ly  prepared Cb-1Zr a l l o y  capsule  assemblies were 

5 the Same 
f i l l e d  with p u r i f i e d  potassium, sealed under vacuum u s i n  
procedures descr ibed i n  Q u a r t e r l y  Progress  Report No .  5 ,  and t e s t e d  
f o r  1 ,000 hours a t  800°F, 1200°F, and 1600°F i n  a vacuum of lom8 t o  

t o r r .  Each of three sets of s i x  capsules  contained t e s t  spec i -  
mens of t h e  fol lowing s i x  ma te r i a l s :  

0 K601 0 Grade 7178 

TiC 0 TiC+5%W 

0 TiC+lO%Cb 0 S t a r  J 

Two a d d i t i o n a l  capsu le s ,  containing specimens of TiC+lO%Mo and TiB2, 
r e s p e c t i v e l y ,  were t e s t e d  a t  1600°F, 

Before f i l l i n g  t h e  capsules ,  samples of the potassium were taken 
d i r e c t l y  from t h e  hot t r a p  in l eng ths  of s t a i n l e s s  steel p ipe  and 
analyzed f o r  oxygen content  by t h e  mercury amalgamation method. The 
l e v e l  of oxygen as K20 w a s  5 ppm. A f t e r  t h e  f i r s t  set of capsu le s  
w e r e  f i l l e d ,  a f a u l t y  valve on t h e  hot  t r a p  had t o  be replaced.  A 
second sample then taken f o r  a n a l y s i s  contained'  12.3 ppm oxygen 
a s  K 2 0 .  I n  both cases ,  t he  oxygen value r e p r e s e n t s  t h e  average of 
d u p l i c a t e  analyses  from which no blank has been sub t r ac t ed .  Samples 
of potassium were a l s o  obtained during t h e  f i l l i n g  of t h e  f o u r  sets 
of co r ros ion  capsules  and were analyzed f o r  oxygen by the  mercury 
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amalgamation method. Table IXgives these r e s u l t s .  Radiographic 
examination of the  capsules  a f t e r  f i l l i n g  w i t h  potassium ind ica t ed  
t h a t  a l l  twenty capsules  had been f i l l e d  t o  t h e  proper  l e v e l .  How- 
eve r ,  two of t h e  capsules  lacked  f u l l  pene t r a t ion  we lds  on the  top  
end caps and had t o  be r e p a i r  welded. 

A recent  inves t iga t ion '  of t h e  moun t  of oxygen contamination 
caused by g r i t  b l a s t i n g  w i t h  A 1 2 0 3 ,  Bonducted t r ,  e p e c i f i c a t i o n  
SPPS-12, " G r i t  B la s t ing  Columbium and Columbium Alloy Products:' has 
shown an increase  of 842 ppm oxygen on 0.0175-inch t h i c k  Cb-1Zr a l loy  
shee t .  Based on these data,  i t  was decided not  t o  g r i t  b l a s t  t he  
twenty capsules  before  t e s t i n g .  

The assembled co r ros ion  capsules  were i n s t a l l e d  i n  t he  co r ros ion  
test  f a c i l i t y  l o c a t e d  i n  t h e  Varian high vacuum chamber, C-IV. The 
capsules  were instrumented wi th  Pt vs Pt+lO%Rh thermocouples on both 
t h e  top  and bottom end caps. Two thermocouples, which had been 
r e c a l i b r a t e d  a t  z i n c ,  aluminum, and copper mel t ing  p o i n t s ,  were in-  
s t a l l ed  on capsules  i n  each susceptor  and w i l l  be r e c a l i b r a t e d  a f t e r  
1 ,000  hours of t e s t i n g .  

The chamber w a s  sealed, evacuated t o  3.8 x t o r r ,  and given 
a 24-hour bakeout a t  400°F a f t e r  which t h e  p re s su re  dropQed t o  
1.5 x t o r r .  A l l  f o u r  susceptors  were brought t o  t h e i r  r e s p e c t i v e  
test temperature s imultaneously,  w h i l e  t h e  chamber p re s su re  w a s  main- 
t a i n e d  a t  less than 1 x lo-' t o r r .  Nineteen hours a f t e r  t h e  tes t  
temperatures were achieved, t h e  p re s su re  i n  t h e  chamber w a s  7.2 x 
t o r r .  Figure 9 p l o t s  t he  p re s su re  change dur ing  test. A l l  p r e s su re  
va lues  are obtained from a tubu la r  Bayard-Alpert i on iza t ion  gauge 
l o c a t e d  on t h e  s i d e  of t h e  chamber. The mean test temperatures and 
t h e i r  devia t ions  a r e  given i n  Table X. 

. 

The vacuum d i s t i l l a t i o n  apparatus  for c lean ing  the  cor ros ion  tes t  
specimens, descr ibed i n  Q u a r t e r l y  Progress Report No.  5 , 2  is  90% 
complete. Checkout of t h e  f a c i l i t y  w i l l  be completed dur ing  t h e  next  
rep  or t i n t e r  i m  . 
Dimensional S t a b i l i t y  

Test Run No. 1. The test se tup  and t e s t i n g  procedures used f o r  
t h e  f i r s t  dimensional s t a b i l i t y  test a r e  descr ibed  i n  Q u a r t e r l y  
Progress  Report No.  5.2 The t e s t  was conducted f o r  1 ,000  hours 
without i n t e r rup t ion  wi th  t h e  vacuum w e l l  below t h e  r equ i r ed  
t o r r  range and t h e  test temperatures  wi th in  + 1%. - 

During t h e  i n i t i a l  heat-up of t h e  suscep to r s ,  t h e  pressure,measured 
wi th  a Tubular Bayard-Alpert i on iza t ion  gauge, reached a maximum of 
8 x 10-7 torr. The p res su re  dropped t o  t h e  
r ap id ly  and, a t  t he  conclusion of t h e  t es t ,  was 1.3 x t o r r .  The 
change i n  pressure  during the  test i s  p l o t t e d  i n  F igure  10. 

t o r r  range very 
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TABLE 1%: CHEMICAL ANALYSES' OF POTASSIUM 
USED FOR ISOTHERMAL CAPSULE CORROSION TESTS 

2 Sample Oxygen 
Sample Sample Weight, Content,  
-- I d e n t i t y  Location - gm PPm 

3 
Capsule N o s .  Cast  In s ide  1.155 
29, 30,  32,  EB Tank 1.6543 
35, 38, 41 2.0143 

Avg . 

10.7 
2.4 
3.2 

4.75 4 

3 
Capsule N o s .  From Transfer  2.184 9.0 

6.5 29, 30,  32,  
35, 38, 41 

Line 1 .0373 - 
4 Avg . 4.84 

14.6 
6.6 

3 
Capsule N o s ,  C a s t  I n s ide  2.240 
31, 33, 36, EB Tank 3.5853 
39, 42,  43 

- 
4 Avg . 9.68 

5 
Capsule Nos. Cast In s ide  3.840 
34, 37, 40 EB Tank 2.1465 

37.4 
21.6 

4 Avg . 31.7 

16.3 Capsules N o .  C a s t  I n s i d e  4 * 188 
44, 45,  46, EB Tank 2.13g5 12.7 
47, 48 

Avg . 15.1 

5 

4 

'By mercury amalgamation method. 

2 A s  K20.  

Argon cover  gas  used during analyses.  

Average c a l c u l a t e d  by t o t a l  4 g r a m s  oxygen/total  sample weight w i th  no 

3 

4 

blank being sub t r ac t ed .  

5 
Helium cover  gas used dur ing  analyses .  
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' T q E  x: TEST TEMPERATURES FOR SECOND 
1,000-HOUR ISOTHERMAL CAPSULE CORROSION TEST 

Test M e  an Mean Temp. 
Suspect o r  Capsule Temp., Temp. , Dev i a t  ion 

Number Numbers O F  OF "F 76 

+ 2.41 - + 19.3 - 1 29, 32, 35, 800 80 3 
38, 41, 44 

+ 0.88 - . +  10 .7  - 2 30, 33, 36, 1200 1202 
39,  42, 45 

+ 0.51 - + 8.1 - 3 31, 34, 39, 1600 1597 
40, 43, 46 

+ 1.24 - + 20.0 - 4 47, 48 1600 1599 
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Figure 9. Pressure Curve for Second 1,000-Hour Isothermal Capsule 
Corrosion Test. 
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Average , temperature  readings. and mean temperature dev ia t ions  
obtained during t h e  test w i t h  a k e d s  and Northrup potent iometer  a r e  
shown i n  F igures  11 and 12. "he ins t rumenta t ion  and thermocouple 
l o c a t i o n s  a r e  descr ibed i n  the Quar te r ly  Progress  Report No. 5.2 
Figure' 11 .shows. t h a t ,  , a f t e r  t h e  test temperature was . s tab i l ized :  a 
a reasonably cons tan t  temperature was maintained throughout t h e  1200°F 
test. The lower average temperature i n  t h e  l a s t  100 hours ,  i .e.,  
1171°F, coincided wi th  t h e  terminat ion of t h e  1600°F test .  Some d i f -  
f i c u l t y ,  a t t r i b u t e d  t o  the  coarse  manual con t ro l  on t h e  power supply,  
w a s  experienced i n  maintaining t h e  second susceptor  a t  t he  1600°F test 
temperature.  Vibrat ion over a per iod  of t i m e  probably caused t h e  
temperature t o  d r i f t .  However, t h e  test  temperature s t i l l  was main- 
t a ined  wi th in  + 1%. - 

Two Pt  v s  Pt+lO%Rh thermocouples, one i n s t a l l e d  i n  each susceptor ,  
were checked aga ins t  t he  National Bureau of Standards '  f r e e z i n g  p o i n t s  
i n  a s tandard  c a l i b r a t i o n  furnace before  and a f t e r  t h e  test. These 
checks ind ica t ed  no s i g n i f i c a n t  change i n  t h e  temperature readings  of 
t he  thermocouples a f t e r  t h e  1,000-hour test ,  i .e.,  no measurable change 
f o r  t h e  thermocouple exposed f o r  1 ,000  hours a t  1200°F and less than 
a + 0.3OF change f o r  t h e  thermocouple exposed f o r  1 ,000 hours a t  1600OF. 

Three p i eces  of 0,060-inch th i ck  Cb-1Zr a l l o y  shee t  were placed on 
t h e  top  of t h r e e  of t h e  top  specimen boxes i n  each susceptor  before  t h e  
susceptor  covers  were i n s t a l l e d .  To determine t h e  amount of environ- 
mental contamination, s e l ec t ed  samples from each susceptor  were analyzed 
f o r  oxygen, n i t rogen ,  hydrogen, and carbon. These d a t a  are presented  
i n  Table X I .  

Specimen Evaluat ion Test Run No. 1. A l l  t h e  specimens t h a t  were 
exposed f o r  1 ,000 hours a t  1200OF and 1600°F have been weighed and 
measured dimensionally.  To check t h e  p r e c i s i o n  of t h e  measurements, 
an un te s t ed  Carboloy Grade 999 specimen (MCN-1035-B-9) w a s  measured 
wi th  test  specimens both before and a f t e r  t h e  test. The l a r g e s t  
dev ia t ion  between measurements of t h e  un te s t ed  specimen was 0.04 x 
inch. 
inch i n  any test specimen was considered no measurable change. Tables 
XI1 and XIII give  t h e  d i f f e rences  i n  t h e  dimensional measurements of 
the  test specimens before  and a f t e r  test. 

Therefore,  a change i n  dimension no g r e a t e r  than 0.04 x lom3 

Based on t h e s e  da t a ,  the Zircoa 1027 (ZrQ2) was the  o n l y  m a t e r i a l  
of t h e  tea eva lua ted  t o  show a s i g n i f i c a n t  dimensional h s t a b i l i t y ,  
i.e., approximately + 0.476, and t h i s  occurred a t  t h e  1600°F test 
temperature.  S l i g h t  dimensional changes, i. e., approximately 0.010 t o  
O.O%, were observed a f t e r  t h e  1,000-hour exposures f o r  Carboloy 999, 
Carboloy 907, and tungsten a t  both t h e  120OOF and 1600OF'test  
temperatures  and f o r  K601 a t  t h e  1600°F test temperature.  
maining f i v e  m a t e r i a l s  appear t o  be q u i t e  s t a b l e ,  p a r t i c u l a r l y  
Lucalox (.41203). 

The re- 

Because severa l  measurements were be l ieved  t o  be 
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TABLE X I :  CHEMICAL A ALYSES OF Cb-1Zr ALLOY 

AND 1600°F DURING DIMENSIONAL STABILITY TEST NO, 1 
 SHEET^ EXPOSED IN VACU J FOR 1, ooo HOURS AT 12000 

-- - ______-___-_____---- -~.---------- 
I__---- --- ---- 

Element, % 
N H C ___---- - 0 -- Sample Iden t i ty  

--I_- 

Sample Expased i n  1600°F 
Susceptor  

Sample Exposed i n  1200'F 
Suscep t o r  

Before Test  

0.0115 0.0049 0.0003 0.002 
0 -  003 - I -  - - -  - - -  

0.0095 0.0046 (D.0001 0.001 
0.001 - - -  - - -  - - -  

0,0084 0.0040 0.0001 0.003 
0.0075 0.0040 0 * 0001 0.003 

'MCN 418-2, 0.060-inch t h i c k  sheet .  

2Ref, Figure 10. 
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erroneous,  check measurements were made on the  Carboloy 999 and Grade 
7178 specimens and the  r e s u l t s  a r e  considered va l id .  Check measure- 
ments a l s o  made on Zircoa 1027 specimens confirmed t h e  o r i g i n a l  da ta .  

The Zircoa 1027 was t h e  only ma te r i a l  t o  e x h i b i t  a v i s u a l  change 
i n  appearance a f t e r  t e s t i n g .  The as-received specimens had a l i g h t  
brown marbleized appearance; a f t e r  exposure,  t he  brown c o l o r  changed 
t o  a c l e a r  l i g h t  yellow over most of t he  specimen, wi th  dark brown 
s p o t s  remaining a t  the  po in t  of con tac t  between t h e  specimens and t h e  
Cb-1Zr a l l o y  wires  of t he  Cb-1Zr a l l o y  specimen boxes. This change 
i n  c o l o r  was more pronounced i n  the  specimens t e s t e d  a t  1600OF. If 
the  brown c o l o r  i s  assumed t o  be a s soc ia t ed  w i t h  t h e  Fe2O3 impuri ty  
i n  t h e  Zircoa 1027, t h e  change i n  c o l o r  could be due t o  t h e  d i s s o c i -  
a t i o n  of Fez03 t o  Fe304 + oxygen a t  t he  low p res su re  of t h e  test 
according t o  t h e  fo l lowing  equat ion,  

where 

PO2 = p a r t i a l  p ressure  of oxygen 

A = -24,912 

B = +17.281 

T = temperature,  OK 

As i nd ica t ed  by the n e g l i g i b l e  change observed i n  a l l  t hese  spec i -  
mens, t he  1800°F s t r e s s - r e l i e f  t reatment  a f t e r  t h e  f i n a l  g r inding  
ope ra t ion  had no apparent in f luence  on the  dimensional changes recorded 
f o r  t he  Mo-TZM a l l o y  and Lucalox. However, t he  s t r e s s - r e l i e f  may have 
some b e n e f i c i a l  e f f e c t s  on the  s t a b i l i t y  of t he  Carboloy 999 ma te r i a l .  

Test Run No. 2. Duplicate specimens of t h i r t e e n  of the  fou r t een  
candida te  bear ing  m a t e r i a l s  were c leaned ,  measured, and weighed a s  
descr ibed  i n  previous progress  r e p o r t s  and placed on tes t  a t  800°F. 
Although t h e  test  was delayed seve ra l  weeks t o  include specimens of 
a l l  fou r t een  m a t e r i a l s ,  d i f f i c u l t i e s  encountered i n  producing the  
S t a r  J specimens made their d e l i v e r y  unce r t a in  and i t  was necessary 
t o  s t a r t  t h e  test w i t h  t he  t h i r t e e n  m a t e r i a l s  on hand. 

The specimens were placed i n  t h e  susceptor  i n  t h e  sequence shown 
i n  Table XIV. Afte r  t h e  susceptor  w a s  loaded, t h e  vacuum system w a s  
c lo sed  and evacuated t o  2 x t o r r .  The system was then given a 
10-hour bakeout a t  550°F. Af t e r  t h e  bakeout c y c l e ,  the  p res su re  was 
3 x 10-8 t o r r ,  as  measured by a Bayard-Alpert i o n i z a t i o n  gauge, and 
t h e  susceptor  temperature was 250OF. Subsequently,  t h e  susceptor  
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w a s  slowly brought up t o  temperature w h i l e  t h e  p re s su re  was maintained 
below 1 x t o r r .  Seventy-seven hours were requi red  t o  reach 800°F. 
A t  t h e  end of t he  r epor t ing  per iod,  t he  test had accumulated 750 hours 
wi th  the  p re s su re  a t  1.1 x 10" t o r r .  
twelve thermocouples a t tached  t o  the  specimen boxes (Table XIV) was 
796'F w i t h  a mean devia t ion  of + 4.4OF. 

The average temperature of 

- 
Thermal Expansion 

Before i n i t i a t i n g  the  test program, t h e  d i la tometer  w a s  c a l i b r a t e d  
by e s t a b l i s h i n g  the  c o e f f i c i e n t s  of thermal expansion f o r  t he  Pyros 56 
s tandard  and comparing t h e  data  wi th  the  publ ished values  f o r  t h a t  
a l l o y  (Table X V ) .  Table XVI and Figure 13 present  t h e  thermal 
expansion d a t a  obtained f o r  the Pyros 56 a l l o y  i n  the  i n i t i a l  run and 
i n  subsequent checks interposed during t h e  t e s t i n g  of t he  candida te  
bear ing  m a t e r i a l s  t o  document the r e p r o d u c i b i l i t y  and accuracy of t h e  
Chevenard instrument. The data  evolved from the  check tests of the  
Pyros 56 ma te r i a l  i n d i c a t e  a most s a t i s f a c t o r y  performance of t h e  
equipment. 

In s e t t i n g  up t h e  t e s t s ,  each specimen, t h e  push rods ,  and t h e  
qua r t z  specimen holders  were cleaned i n  a lcohol  and thoroughly d r i ed  
before  t h e i r  assembly; a l s o ,  l i n t  f r e e  gloves were worn when handl ing 
t h e  specimen and equipment. The specimen and t h e  Pyros 56 s tandard 
were i n s e r t e d  i n t o  t h e i r  r e spec t ive  qua r t z  tubes and t h e  instrument 
w a s  purged for one hour w i t h  t h e  u l t r a  pure helium. Af t e r  purging f o r  
one hour, t h e  e x i t  stop-cock w a s  c losed  and a p o s i t i v e  p re s su re  of 
helium w a s  maintained w i t h i n  t h e  system. Then, t h e  d i l a tome te r  was 
zeroed by a d j u s t i n g  the  l inkage between t h e  push rods and record ing  . 
pen. 

A heat ing  and cool ing r a t e  of 570°F t o  580°F per  hour was used i n  a l l  
t h e  tests. Temperatures were. checked p e r i o d i c a l l y  wi th  a ca . l ib ra ted  
P t  v s  Pt+lO%Rh thermocouple pos i t ioned  on the  e x t e r i o r  of t he  q u a r t z  
tubes a t  t h e  midpoint of the  specimen and Pyros 56 s tandard ,  Tempera- 
t u r e  readout  was accomplished us ing  a c a l i b r a t e d  potent iometer .  In 
a l l  tests t o  d a t e ,  t he  var iance between t h e  thermocouple measurement 
and the  temperature indicated by t h e  a c t u a l  thermal expansion curve,  
as  p l o t t e d  by t h e  Pyros 56 s tandard ,  was wi th in  + 10°F. 
t u r e  was recorded continuously on a s t r i p  c h a r t  between the  p e r i o d i c  
check p o i n t s .  

The tempera- - 

The thermal expansion data  f o r  seven of t h e  fou r t een  candida te  
m a t e r i a l s  are presented i n  Tables XVII through XXIII and Figures  14 
through 22. The m a t e r i a l s  tested were Mo-TZM, tungs ten ,  Carboloy 999, 
Carboloy 907, Lucalox, Zircoa 1027, and Grade 7178, Of those  t e s t e d ,  
only Zircoa 1027 showed evidence of i n s t a b i l i t y .  The remaining 
m a t e r i a l s  i nd ica t ed  a remarkable r e p r o d u c i b i l i t y  i n  t h e  hea t ing  and 
cool ing  curves of i d e n t i c a l  specimens t e s t e d  on sepa ra t e  days. Note 
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t h a t  test da te s  of d u p l i c a t e  runs f o r  any one ma te r i a l  were approxi- 
mately one to  two weeks apa r t .  
a secondary check test of t h e  accuracy of t h e  instrument.  

This  procedure was s e l e c t e d  t o  provide 

Measurements of a l l  the specimens were made before  and a f t e r  
t e s t i n g  w i t h  a micrometer capable of reading  t o  the f o u r t h  decimal 
p lace .  Both specimens of the Zircoa 1027 ma te r i a l  decreased 0.0005 
inch i n  l eng th ,  r e s t i n g  of t h e  seven remaining candidate  ma te r i a l  
will be completed i n  the next  quarter. 

I 
I 
1 

. 
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TABLE XV: MFAN COEFFICIENT OF THERMAL EXPANSION OF PYROS 56l 

Mean Coefficient of 
Test Temp. , Thermal Expansion, 

O F  in./in./OF x 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1652 

7.57 
7.79 
8.08 
8.36 
8.62 
8.89 
9.12 
9.24 
9.36 

'Pysos 56 data supplied with Chevenard dilatometer manual "Instructions f o r  Assembly 
and Operation of Chevenard Mechanical Dilatometer, R.Y, Ferner Co., Inc., Malden, 
Mass, 

I1  
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TABLE XVI: CALIBRATION TESTS OF THE CHEV~ARD 
DIWLTOHETER USING A PYROS 56 STANDARD 

Test No. 1 
Date: 8-18-64 

Test H e a n  Coefficient of Thermal Expansion. 
Temp., in./in.PF x 10'6 
OF Heating Cooling Average 

77-392 7.50 7.50 7.50 

77-752 8.08 8.08 8.08 

77-1112 8.67 8.67 8.67 
77-1292 8.90 8.90 8.90 

77-512 7.74 7.74 7.74 

77-932 8.35 8.35 8.35 

77-1472 9.10 9.10 9.10 
77-1562 9.21 9.21 9.21 
77-1607 9.33 9.33 9.33 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Test No. 2 
Date: 9-3-64 

Test Mean Coefficient of Thermal Expansion, 
Temp., i n . / i n . P F  x 
OF Heating Cooling Average 

77-392 
77-512 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 _ _ _ _ - _ _ _ _ _ - _  

7.75 
7.95 
8.08 
8.41 
8.67 
8.88 
9.10 
9.25 
9.30 - - - - - _ - - - - -  

Test No. 3 
Date: 9-19-64 

7.75 
7.95 
8.08 
8.41 
8.67 
8.88 
9.10 
9.25 
9.30 

- . _ - - -  

7.75 
7.95 
8.08 
8.41 
8.67 
8.88 
9.10 
9.25 
9.30 _ _ _ _  

Test 
Temp., 
OF 

Mean Coefficient of Thermal Expansion, 
in./in./OF x lo+ 

He at i ng Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 - - - - -  

7.66 
7.84 
8.08 
8.44 
8.62 
8.92 
9.10 
9.25 
9.30 _ _ _ _ _ _ _ _ _ _ _  

Test No. 4 
Date : 9-30-64 

7.66 
7.84 
8.08 
8.44 
8.62 
8.92 
9.10 
9.25 
9.30 _ _ - _ -  

7.66 
7.84 
8.08 
8.44 
8.62 
8.92 
9.10 
9.25 
9.30 - - - . - - - - - 

Test Mean Coefficient of Thermal Expansion, 
Temp., in./in./OF x IOw6 

OF Heating Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 _ _ _ _ _ _  

7.75 
7.90 
8.20 
8.47 
8.72 
8.94 
9.14 
9.28 
9.33 _ _ - - - - - _ - _ - _  

Test NO. 5 
Date: 11-2-64 

7.58 
7.75 
8.12 
8.41 
8.59 
8.81 
9.06 
9.18 
9.26 _ _ - - - -  

7.67 
7.85 
8.16 
8.44 
8.66 
8.88 
9.10 
9.23 
9.30 _ _ _ - - -  

Test Mean Coefficient of Thermal Expansion. 
Temp., in./in./OF x 
OF Heating Cooling Average 

77-392 7.66 7.66 7.66 
77-572 7.79 7.79 7.79 
77-752 8.04 8.04 8.04 
77-932 8.35 8.35 8.35 
77-1112 8.62 8.62 8.62 
77-1292 8.86 8.86 8.86 
77-1472 9.10 9.10 9.10 
77-1562 9.21 9.21 9.21 
77-1607 9.26 9.26 9.26 _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

Test No. 6 
Date: 11-7-64 

Test Mean Coefficient of Thermd Expansion, 
Temp., in./in./OF x IOw6 
OF Heating Cooling Average 

77-392 7.50 7.50 7.50 
77-572 7.69 7.69 7.69 

77-932 8.38 8.38 8.38 
77-1112 8.62 8.62 8.62 
77-1292 8.83 8.83 8.83 

77-752 8.00 8 .oo 8 .oo 

77-1472 9.02 9.02 9.02 
77-1562 9.18 9.18 9.18 
77-1607 9.30 9.30 9.30 
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TABLE WII: THERMAL EXPANSION DATA FOR Mo-TZM ALLOY' 
(Nominal Composition: 0.5% Ti-0.080Zr - Bal. Mo) 

Specimen No,: MCN 1037-C-1 
Date: 8-25-64 

T e s t  Mean Coef f i c i en t  of Thermal Expansion, 
Temp. , in./in./OF x lom6  

OF Heating Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
7'7-1607 

2.83 
2.81 
2.84 
2.92 
2.94 
2.98 
3.02 
3.04 
3.02 

2.83 
2.81 
2.84 
2.92 
2.94 
2.98 
3.02 
3.04 
3.02 

2.83 
2.81 
2.84 
2.92 
2.94 
2.98 
3.02 
3.04 
3.02 

I n i t i a l  over -a l l  l ength :  2.5600 inches.  
F ina l  over -a l l  l eng th :  2.5600'inches.  

Specimen No.: MCN 1037-C-2 
Date: 9-18-64 

T e s t  Mean Coef f i c i en t  of Thermal Expansion, 
Temp., in./in./OF x lom6  

O F  Heating Cooling Average 

77-392 
77-572 
71-752 
77-932 
77-111 2 
77-1292 
77-1472 
77-1562 
77-1607 

2.83 
2.86 
2.84 
2.95 
2.94 
2.98 
3.02 
3.04 
3.04 

2.83 
2.86 
2.84 
2.95 
2.94 
2.98 
3.02 
3.04 
3.04 

2.83 
2.86 
2.84 
2.95 
2.94 
2.98 
3.02 
3.04 
3.04 

I n i t i a l  over -a l l  l eng th :  2.5595 inches.  
F i n a l  over -a l l  l ength :  2.5595 inches. 

(1) S t r e s s  Relieved 1/4 Hour a t  2200°F 
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TAmE X V I I I :  THERMAL EXPANSION DATA FOR UNALLOYED ARC CAST TUNGSTEN' 

Specimen No.: MCN 1038-C-1 
Date: 9-28-64 

Test  

Temp., in./in./OF x lom6 
Mean Coef f i c i en t  of Thermal Expansion, 

OF Heating Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

2.25 
2.23 
2.30 
2.33 
2.33 
2.35 
2.39 
2.41 
2.40 

2.25 
2.23 
2.30 
2.33 
2.33 
2.35 
2.39 
2.41 
2.40 

2.25 
2.23 
2.30 
2.33 
2.33 
2.35 
2.39 
2.41 
2.40 

I n i t i a l  over -a l l  length:  2.5590 inches.  
F ina l  over-all length:  2.5590 inches ,  

Specimen No.: MCN 1038-C-2 
Date: 9-21-64 

Test 

Temp., in./in./OF x 

Mean Coef f i c i en t  of Thermal Expansion, 

OF Heat ing Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1 292 
77-1472 
77-1562 
77-1607 

2.25 
2.28 
2.33 
2.33 
2.36 
2.38 
2.39 
2.41 
2.42 

2.25 
2.28 
2.33 
2.33 
2.36 
2.38 
2.39 
2.41 
2.42 

2.25 
2.28 
2.33 
2.33 
2.36 
2.38 
2.39 
2.41 
2.42 

I n i t i a l  over -a l l  length:  2.5600 inches.  
F ina l  over -a l l  length: 2.5600 inches.  

(1) S t r e s s  Relieved 1 Hour at 2000°F 
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TABLE XIX: THERMAL EXPANSION DATA FOR CARBOLOY GRADE 907 
(Nominal Composition: 74% WC-20% TaC - 6% Co) 

Specimen No.: MCN 1036-C-1 
Date: 9-1-64 

T e s t  
Temp., in./in./OF x 

Mean Coef f i c i en t  of Thermal Expansion, 

OF H e  a t  ing Cooling Average 

77-392 
77-572 
77 -7 52 
?7-932 
77 -11 12 
77-1292 
77 -1472 
77-1562 
77-1607 

2.67 
2.65 
2.76 
2.89 
2.94 
2.98 
3.05 
3.10 
3.10 

2.67 
2.65 
2.76 
2.89 
2.94 
2.98 
3.05 
3.10 
3.10 

2.67 
2.65 
2.76 
2.89 
2.94 
2.98 
3.05 
3.10 
3.10 

I n i t i a l  o v e r - a l l  l eng th :  2.5600 inches. 
F i n a l  ove r -a l l  l eng th  2.5600 inches.  

Specimen No.: MCN 1036-C-2 
Date : 9-24-64 

T e s t  
Temp. ,  in./in./OF x 

Mean C o e f f i c i e n t  of Thermal Expansion, 

H e  a t  ing Cooling Average OF 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

I n i t i a l  ove r -a l l  l eng th :  2.5600 inches.  
F i n a l  o v e r - a l l  l eng th :  2.5600 inches.  

2.67 
2.71 
2.76 
2.89 
2.94 
2.98 
3.05 
3.12 
3.12 

2.67 
2.71 
2.76 
2.89 
2.94 
2.98 
3.05 
3.12 
3.12 

2.67 
2.71 
2.76 
2.89 
2.94 
2.98 
3.05 
3.12 
3.12 
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TABLE XX: THERMAL EXPANSION DATA FOR CARBOLOY GRADE 999 
(Nominal Composition: 97% WC - 3% Co) 

Specimen No.: MCN 1035-C-1 
Date: 9-2-64 

Test Mean Coefficient of Thermal Expansion, 
Temp. , in./in./OF x 
OF Heating Cooling Av e I ag e 

77-392 
77-572 
77-752 
77-932 
77-1112 
77 - 12 92 
77-1472 
77-1562 
77-1607 

2.33 
2.33 
2.37 
2.46 
2.54 
2.59 
2.64 
2.69 
2.68 

2.33. 
2.33 
2.37 
2.46 
2.54 
2.59 
2.64 
2,66 
2.64 

2.33 
2.33 
2.37 
2.46 
2.54 
2.59 
2.64 
2,68 
2.66 

Inital over-all length: 2.5597 inches. 
Final over-all length: 2.5597 inches. 

Specimen N o .  : MCN 1035-C-2 
Date : 9-23-64 

Test Mean Coefficient of Thermal Expansion, 
Temp., in./in./OF x 
OF Heating Cooling Av e rag e 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77 - 1607 

2.33 
2.33 
2.41 
2.52 
2.56 
2.66 
2,70 
2.73 
2.74 

2.33 
2.33 
2.37 
2.46 
2.54 
2.59 
2.62 
2.66 
2.68 

2.33 
2.33 
2.39 
2.49 
2.55 
2.63 
2.66 
2 .7o 
2.71 

Initial over-all length: 2.5600 inches. 
Final over-all length: 2.5600 inches. 

I 
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'IRBLE XXI : THERMAL EXPANSION DATA FOR LUCALOX 
(Nominal Composition: 99.8% A1,02) 

Specimen No.: MCN 1039-C-1 
Date: 9-4-64 

Test Mean Coefficient of Thermal Expansion, 
Temp., in./in./OF x 
OF Heating Cooling Aver age 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

3.42 
3.61 
3.77 
3.93 
4.06 
4.17 
4.28 
4.34 
4.33 

3.42 
3.61 
3.77 
3.93 
4.06 
4.17 
4.28 
4.34 
4.33 

3.42 
3.61 
3.77 
3.93 
4.06 
4.17 
4.28 
4.34 
4.33 

Initial over-all length: 2.5593 inches. 
Final over-all length: 2.5593 inches. 

Specimen No, : MCN. 1039-C-2 
Date : 9-28-64 

Test Mean Cpef ficient of Thermal Expansion, 
Temp., in./in./OF x 10'6 
OF Heating Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

Initial over-all length: 2.5582 inches. 
Final over-all length: 2.5582 inches. 

3.33 
3.55 
3.77 
3.93 
4.06 
4.17 
4.28 
4.32 
4.33 

3.33 
3.55 
3.77 
3.93 
4.06 
4.17 
4.28 
4.32 
4.33 

3.33 
3.55 
3.77 
3.93 
4.06 
4.17 
4.28 
4.32 
4.33 
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- TABLE XXII: THERMAL EXPANSION DATA M)R ZIRCOA 1027 
(Nominal Composition: P r o p r i e t a r y ,  95.5% Zr02) 

Specimen No.: MCN 1040-C-1 
Date: 9-5-64 

T e s t  Mean Coef f i c i en t  of Thesmsl ExpansiOn, 
in./in./"F x Temp 

OF He a t  i ng Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

4.92 
4.99 
5.06 
5.16 
4.99 
5.05 
5.09 
5.10 
5.11 

4.50 
4.56 
4.67 
4.79 
4.82 
5.01 
5.16 
5.24 
5.28 

4 .7l  
4.78 
4.87 
4 .9a 
4.91 
5.03 
5.13 
5.17 
5.20 

I n i t i a l  ove r -a l l  l ength :  2.5600 inches.  
F ina l  over -a l l  length: 2.5595 inches.  
Change i n  length:  0.0005 inch.  

Specimen No.: MCN 1040-C-2 
Date : 9-25-64 

T e s t  Mean Coef f i c i en t  of Thermal Expansion, 
Temp., i n  . / i n  ./OF x 10-6 

OF Heating Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

I n i t i a l  ove r -a l l  length:  2.5600 inches.  
F ina l  ove r -a l l  length:  2.5595 inches.  
Change i n  length :  0.0005 inch. 

4.92 
4.88 
5.02 
5.13 
4.92 
4.92 
4.98 
4.99 
5.01 

4.50 
4.40 
4.59 
4.70 
4 .77 
4.90 
5.05 
5.17 
5.16 

4.71 
4.64 
4.81 
4.92 
4.85 
4.91 
5.02 
5.08 
5.09 
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TABLE XXIIP: THERMAL EXPANSION DATA FOR GRADE 7178 
(Nominal Composition: P ropr i e t a ry )  

Specimen No.: MCN 1046-C-1 
Date : 8-31-64 

T e s t  
Temp., in./in./OF x 10-6 

Mean C o e f f i c i e n t  of Thermal Expansion, 

OF Heating Cooling Average 

77-392 
77-572 
77 -7 52 
77-932 
77-1112 
77 - 1 2  92 
77-1472 
77-1562 
77-1607 

2.33 
2.39 
2.49 
2.55 
2.56 
2.64 
2.70 
2.69 
2.71 

2.33 
2.39 
2.49 
2.55 
2.56 
2.64 
2.70 
2.69 
2.71 

2.33 
2.39 
2.49 
2.55 
2.56 
2.64 
2.70 
2.69 
2.71 

I n i t i a l  ove r -a l l  l ength :  2.5590 inches.  
F i n a l  ove r -a l l  l ength :  2.5590 inches.  

Specimen No. : MCN 1046-C-2 
Date : 9-22-64 

T e s t  
Temp., i n  ./in ./OF x 

Mean Coef f i c i en t  of Thermal Expansion, 

OF H e a t  i ng Cooling Average 

77-392 
77-572 
77-752 
77-932 
77-1112 
77-1292 
77-1472 
77-1562 
77-1607 

I n i t i a l  ove r -a l l  l ength :  2.5595 inches.  
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The summary which fol lows enumerates t h e  s t e p s  t o  be pursued during 
the  succeeding q u a r t e r  t o  implement t h i s  study. 

1) Procurement of t h e  compression test  specimens w i l l  be completed. 

2) Evaluat ion of t h e  corrosion test specimens which were exposed 
t o  potassium f o r  1 ,000 hours a t  1600°F, 1200°F, and 800°F under 
isothermal cond i t ions  w i l l  be i n i t i a t e d .  

3) The second 1,000-hour dimensional s t a b i l i t y  tes t ,  inco rpora t ing  
t h i r t e e n  materials a t  800°F, w i l l  be completed and a t h i r d  1,000-hour 
tes t  a t  1200°F and 1600°F w i l l  be i n i t i a t e d .  

4) The thermal expansion test  program w i l l  be completed and the  
hot  hardness and compression test programs w i l l  be i n i t i a t e d .  

5) The high vacuum f r i c t i o n  and wear test r i g  components w i l l  be 
received,  assembled, and checked out .  

6) The l i q u i d  potassium f r i c t i o n  and wear test  r i g  components 
w i l l  be received and assembly w i l l  be i n i t i a t e d .  

7) The potassium d i s t i l l a t e  i n  t he  hot  t r a p  w i l l  be analyzed, t h e  
d i s t i l l a t e  w i l l  be hot trapped f o r  50 hours a t  1300°F t o  1400°F, and 
the ho t  trapped d i s t i l l a t e  w i l l  be re-analyzed i n  p repa ra t ion  f o r  t h e  
f i r s t  checkout tes t  of t h e  f r i c t i o n  and wear test  r i g  f a c i l i t y .  

8) Drawings of the  wet t ing test  f a c i l i t y  w i l l  be submitted t o  
NASA and procurement of component p a r t s  w i l l  be i n i t i a t e d .  
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